In the present study the levels of the organotin compounds were determined in fish and shellfish which were purchased from retail markets in Niigata, Japan. The concentrations of dibutyltin (DBT), tributyltin (TBT), diphenyltin (DPT) and triphenyltin (TPT) compounds were separately determined by FPD-gas chromatography. Eight species (yellowtail, tuna, cuttlefish, olive flounder, northern shrimp, cinnamon flounder, Japanese sea bass and oyster) were studied and five samples of each species were analyzed in each season, which meant 40 samples in one season, and 160 in total. Among the compounds of interest, DBT, TBT and TPT were detected. The highest concentrations detected were 0.674,ug/g for DBT, 0.669,ug/g for TBT and 0.186 1ug/g for TPT. DBT was detected as much as TBT, however, its concentration was not correlated with that of TBT. Seasonal changes of the mean value of the concentration of DBT and TBT were observed. In some species, such as yellowtail and Japanese sea bass, combined contaminations of these organotin compounds were also evident. This study is the first step to elucidate possible health hazards by environmental pollution of organotin compounds on human beings.
Organotin compounds have been widely used for various purposes. Dibutyltin (DBT) compounds are mainly used as stabilizers for polyvinylchloride plastics. Tributyltin (TBT) compounds and triphenyltin (TPT) compounds are used as biocides, fungicides, antifouling agents for ship bottoms and fishery farm nets (Wada et al. 1982; Boyer 1989) .
In recent years, the pollution of the waters by TBT and TPT used as antifouling agents have been often reported worldwide. In Japan, the use of tributyltin oxide agent was prohibited in January, 1990 and the recommendation has been made that the use of other organotin compounds should be also reduced. However, marine pollution by organotins has still continued, because contaminated fish and shellfish have been found. Since the Japanese eat relatively large amount of raw fish and shellfish, there is a risk that they are being exposed to organotin compounds.
The effects of organotin compounds have been extensively studied on experimental animals (Wada et al. 1982 ; Arakawa and Wada 1984 ; Boyer 1989; Merkord and Henninghausen 1989; Takagi et al. 1992 ). However, little has been known about the effects of organotin compounds on human beings. In particular, the chronic effects of organotin compounds on man by ingesting fish and shellfish are not clear. This study is the first step to elucidate the possible health hazards by environmental pollution of organotin compounds on human beings. The objective of the study is to estimate the level of exposure to organotins by analyzing their concentrations in fish and shellfish.
In this study three factors should be considered. First, the concentrations of organotins vary among species of fish and shellfish. It is, therefore, necessary to investigate as many species as possible. When the spread of the pollution being considered, not only shorefishes, but also migratory fishes should be examined, because there is a possibility that both types are polluted by antifouling agents.
The second factor to be considered is the chemical species of organotin compounds to be examined. It has been studied that triorganotin compounds are metabolized in the microsomal monooxygenase system into diorganotin, monoorganotin compounds and inorganic tin (Kimmel et al. 1977) . They are also degraded in an aquatic environment (Soderquist and Crosby 1980; Maguire et al. 1983 ). It will be therefore worthwhile to investigate the correlations among organotin compounds. In addition to the analysis of TBT and TPT, DBT and DPT, possible breakdown products, are analyzed.
The third factor to be considered is seasonal changes of the levels of organotin compounds in fish and shellfish due to seasonal variations in the activity of fishery and the sea traffic,the metabolisms of fish and shellfish, and the degradation of compounds in the marine environment.
MATERIALS AND METHODS
Samples analyzed were eight species of fish and shellfish which were usually eaten raw. They were yellowtail (Seriola quinqueradiata), tuna (Thunnus thynnus, Thunnus obesus, Thunnus albacerus), cuttlefish (Omnastrephes sloanei pacificus), olive flounder (Paralichtys olivacens), northern shrimp (Pandalus borealis), cinnamon flounder (Pseudorhombus cinnamoneus), Japanese sea bass (Latexolablax japonicus) and oyster (Crassostrea gigas). Tuna was selected as a representative of migratory fish and others were selected as representatives of fishes living in the coastal sea of Japan.
All samples were purchased at retail markets in Niigata City, Japan, in July and October, 1991, and in January and April, 1992, for summer, fall, winter and spring, to examine the seasonal changes. Five samples of each species were purchased in each season. Edible portions were stored at -70°C until analysis. In tuna, red muscle was analyzed.
Samples were homogenized with a Waring blender (Teraoka Co., Osaka), and 5.0 g wet weight of sample was used for analysis. For the extraction of organotin compounds, the method described by Takami et al. (1988) was used. The clean-up method described by Takeuchi et al. (1987) was used. When the organic phase was concentrated by a rotary evaporator through the procedures in the extraction and the clean-up, 0.5 ml of n-nonane was added to the organic phase (Takeuchi et al. 1989 ). Organotin compounds were converted to their hydrides according to the method described by Kurosaki et al. (1985) . After hydrogeneration, 2 ug of hexyl tributyltin chloride was added to the sample solution for internal standard. The sample solution finally adjusted to 10 ml with n-hexane and determined by gas chromatography (GC) equipped with a flame photometric detector ( FPD ) (GC-APFp, Shimadzu Co., Kyoto). This sample solution was concentrated about 3.3 times when it was necessary. A gas chromatograph equipped with FPD (Sn filter= 611.1 nm) was employed. A capillary column (HP-1, Hewlett-Packard, CA, USA, 0.53 mm i.d. X 10 m, df=2.65pm) was used for analysis. GC conditions are given in Table 1 .
Organic solvents except n-nonane were those for pesticide residue analysis, and HCl was for PCB determination. Other reagents were of special grade (Wako Pure Chemical Industries Ltd., Tokyo). All glass instruments were washed with acetone before use.
Calibration curves were obtained by using the solutions containing each organotin from 0.05,ug to 5.0 pg in n-hexane. C-R4A Chromatopack (Shimadzu Co., Kyoto) was used for calibration.
Tests of the recovery of organotin compounds were performed by adding 2.0pg of each organotin compound to 5.0 g of olive flounder. According to the "Standard table of food consumption in Japan -Fatty acids, cholesterol and Vitamin E (tocopherols) -" published by the Science and Technology Agency (1989), yellowtail contains lipids at the concentration of 17.6 g/100 g wet weight, and other species analyzed in this study contain from 0.5 g to 2.5 g/100 g wet weight. The recovery rate of yellowtail was thus examined by changing the amount of yellowtail, i.e., 5.0 g, 2.5 g, and 1.0 g, because lipids were insoluble in the concentrate.
Samples which contained organotin compounds over the limits of quantification was regarded as detected samples. The mean values of concentration of each organotin chloride for each species were calculated by the season. When a sample was under the limit of quantification, a tenth of the limit of quantification was given to the sample for the calculation of the mean, because it is considered that the values of organotin compounds followed log-normal distribution. The correlations between each pair of organotin compounds were also examined.
RESULTS

Calibration curve
Good linearity was obtained between the concentrations of 0.075 1a g to 5.0 p g for TBT, 0.15 p g to 5.0 p g for DBT and DPT, and 0.10 p g to 4.0 p g for TPT.
The correlation coefficients were over 0.99.
The minimum values were regarded 
Recovery rates
The recovery rates for olive flounder were 75% to 95% for DBT, TBT and TPT, but that for DPT was low ( Table 2 ).
The recovery rates for yellowtail are presented in Table 3 . When 5.0 g of the samples were examined, recovery rates of organotin compounds were low as the concentrate did not pass completely through the column packed with Florisil due to the presence of insoluble lipids. In the case of 2.5 g of yellowtail, good recovery rates of DBT and TPT were obtained. The recovery rate of DPT, however, was not improved. The recovery rate of TBT was also low, but slightly improved. In the case of 1.0 g sample of yellowtail, recovery rates of DBT, TBT and TPT were as high as corresponding recovery rates of olive flounder. When the amount of yellowtail was 1.0 g, the limits of quantification were 0.15 ,u g/g for DBT, DPT and TPT and 0.075 ii g/g for TBT from the calibration curves. In the case of 2.5 g, the limits of quantification became 0.060 1u g/g for DBT, DPT and TPT, and 0.030 ,u g/g for TBT. It was thus decided that the amount of yellowtail was 2.5 g and the amounts of other species were 5.0 g. The limit of quantification for all samples except yellowtail were 0.030 /1 g/g for DBT, DPT and TPT, and 0.015 ,u g/g for TBT. Those for yellowtail were twice the each value for the other 
Concentrations of organotin compounds : Species difference and seasonal changes
Among the compounds of interest, DBT, TBT and TPT were detected. DPT was detected in none of the samples. The highest concentration of each organotin compound in each season was 0.674 ,u g/g for DBT, 0.669 ,a g/g for TBT, 0.167 j g/ g for TPT in July, 0.486 ,u g/g for DBT, 0.367 p g/g for TBT and 0.140 u g/g for TPT in October. In January, it was 0.380,ug/g for DBT, 0.120,ug/g for TBT and 0.1781a g/g for TPT. In April, it was 0.245 ,u g/g for DBT, 0.319 ,u g/g for TBT and 0.186,ug/g for TPT. The species which contained the highest concentration for DBT were tuna in July and April, Japanese sea bass in October and oyster in January.
As for TBT and TPT, yellowtail contained the highest concentration in each season.
The mean concentrations of organotin compounds with SDs by season are given in Tables 4 to 7 . The highest mean values of DBT, TBT and TPT were detected in July, which were 0.182 ,u g/g in tuna for DBT, 0.231 g/g in yellowtail for TBT and 0.100,ug/g in Japanese sea bass for TPT. The largest numbers of In January, however, only two samples for DBT and six for TBT were detected.
In April, nine for DBT and as many for TBT were detected. The number of detected samples for TPT was the largest in July. Then no obvious seasonal The mean value of DBT in oyster was highest in January.
As for the seasonal change of the TBT concentrations, they were remarkably high in summer and low in winter in yellowtail and Japanese sea bass.
Patterns of organotin compounds detected in fish and shellfish Table 8 shows the patterns of detected organotin compounds in each species. There were various combinations of organotin compounds in yellowtail and Japanese sea bass. Nine yellowtail and ten Japanese sea bass samples were contaminated by more than two kinds of organotin compounds. On the other hand, tuna and northern shrimp were mainly contaminated by DBT. There was a correlation between TBT and TPT concentrations in Japanese sea bass samples which contained both TBT and TPT over the limit of quantification (n=9, r= 0.898, p <0.01). There was no correlation in any case other than the case mentioned above.
DISCUSSION
The concentrations of organotin compounds in fish and shellfish were determined as the first step for estimating the levels of exposure of humans to organotin compounds. In previous studies, large part of total tin consisted of organotin compounds. Davies and Mckie (1987) reported that TBT accounted for about 80% of total tin in farmed Atlantic salmon, and Davies et al. (1986) also reported that the proportion of TBT in pacific oyster reached 73%. In another study, most part of total tin was TPT (Tsuda et al. 1987 ). However, little is known about the details of chemical species of organotin compounds in fish and shellfish. In this study, four organotin compounds, DBT, TBT, DPT and TPT were simultaneously analyzed in fish and shellfish. In order to determine the four organotin compounds, the extraction method using ethyl acetate was coupled with a cleanup method by Florisil column, and then the determination by FPD-GC was employed. This combination method was useful and efficient, though, it was found that the recovery rate of TBT in the case of yellowtail was low.
There are several factors to be considered, when the possible hazards of organotin compounds on human beings are estimated. These major factors are the differences in the accumulation of the compounds by the species of fish and shellfish, different toxicity of each organotin compound and the seasonal changes of the levels of the contamination of each organotin compound.
In regard to the differences among the species of fish and shellfish, the highest concentrations of organotin compounds were most often recorded in yellowtail. This finding was not surprising because accumulation of organotin compounds in farmed fish has often been reported (Davies and McKie 1987) . The species analyzed in this study, except tuna, live in coastal seas. The detected organotin compounds in coastal sea fish and shellfish were as high as expected, presumably because of the coastal sea pollution by antifouling agents. Furthermore, DBT was detected in high level even in some samples of migratory fish, tuna. It has already been reported that TBT was detected in salmon in Japan (Ohsawa et al. 1988 ). Therefore, it is possible that the pollution of organotin compounds spreads beyond the coastal sea. Another possibility is that the species of tuna analyzed in this study is big-eye tuna, which is often found in coastal seas.
In the present study, the species of fish and shellfish were selected from those frequently eaten raw by Japanese people. Even if those are cooked, organotin compounds in fish and shellfish would not be destroyed (Short and Thrower 1986) . Thus, human beings are possibly exposed to organotin compounds. The tentative API (acceptable daily intake) for TBT oxide compiled by the Ministry of Health and Welfare in Japan is 1.6,ug/kg b.w./day as TBT oxide (Morita 1991) . The highest concentration of TBT chloride of all the samples was 0.669 p g/g in yellowtail, which was 0.615 p g/g as TBT oxide. It is estimated that 156.1 g of yellowtail contains TBT equal to the tentative ADI for a man who weighs 60 kg. The highest mean value of concentration among five samples is 0.231, g/g in yellowtail in July, which equals to 0.213,ug/g as TBT oxide. In this case, intake of 456.7 g of yellowtail reaches the tentative ADI. The National Nutrition Researches (the Ministry of Health and Welfare in Japan) in the 1980s show that the mean value of intake of fish and shellfish per day is about 90 g (e.g. 96.2+50.9 g in 1989) and about 60 g of which is consumed as raw. Based on these data, the exposure level of contamination in Niigata is not likely to be at a critical level. The tentative API for TPT compiled by WHO is 0.5pg/kg b.w./day as TPT chloride (FAO/WHO 1971). Judging from the highest concentration and the highest mean value of TPT chloride in the samples, the contamination of TPT is considered not to be critical. However, there may be personal, seasonal and regional differences in the amount of intake of fish and shellfish. In this respect, the analysis of foods actually consumed may be effective.
In addition to TBT and TPT, DBT was also detected in many samples. The mean value of DBT concentration and the number of detected samples of DBT were not different from those of TBT. There was no correlation between DBT and TBT concentrations in samples, which is consistent to the result reported by Ohsawa et al. (1988) . On the other hand, many reports (Han and Weber 1988; Sasaki et al. 1988; Takeuchi et al. 1988; Becker et al. 1992 ) strongly suggested that DBT compounds were degraded products of TBT. Further studies about DBT concentrations in fish and shellfish and the determination of API for DBT are required..
In contrast to DBT, DPT was not detected in any samples. There has been no report that describes detection of DPT. In experimental studies on bioaccumulation of TPT, small amount of DPT was detected as metabolites (Tsuda et al. 1987; Fent et al. 1991 ). Tsuda et al. explained that it was due to the low bioconcentration potential of DPT. Fent et al. suggested slow catabolism of TPT.
Seasonal changes of the mean value of organotin compounds were shown in this study. The mean value of DBT and TBT is high in summer and low in winter in many species. Similar trends were reported in previous studies. Namely, TBT concentrations in farmed Atlantic Salmon fell in winter (Davies and Mckie 1987) and the accumulation of TBT in wild scallops occurred only during the summer period (Davies et al. 1986 ). The trend of DBT in oyster was different, but it agreed with the report by Becker et al. (1992) .
There were few reports which elucidated the cause of the seasonal change. Becker et al. (1992) reported that the higher aqueous concentrations of DBT and TBT in June than those in September, and that the patterns of detections of DBT and TBT in bivalves were similar to those in water. Since all the oyster taken in summer in this study were wild and those in other seasons were farmed, the seasonal change in oyster may be related to the fact whether it is wild or farmed. Otherwise, as organotin compounds have strong affinity for lipids (Maguire et al. 1983; Tsuda et al. 1986 ), the seasonal changes of organotin compounds may be due to the seasonal changes of lipids concentrations in edible portions in fish and shellfish. The reason for the seasonal change seems to be different from one species to another.
There is another problem of the combined contamination of organotin compounds. It should be noted that there were many samples which contained two or three types of organotin compounds in Japanese sea bass and yellowtail.
There is a possibility that combined contamination of organotin compounds amplifies their toxicity to humans. In addition to the analysis of foods, biological monitoring using bile and urine would be useful for studying the level of exposure, because organotin compounds are excreted into these fluids (Bridges et al. 1967; Nagamatsu et al. 1978 
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